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(57) Abstract: Natural gas tiquetaction systems are provided wherein the dedicated compression strings normally found in each 
liqucraclion train (AA and BB ) of a multi-train LNG plant are replaced by common compression strings (CCI and CC2) which, in 
turn, supply the respective refrigerants (e.g. propane and mixed refrigerant) to more than one of the liquefaction trains (AA and BB ). 

^ This allows the refrigerants to be treated as a utility in that all of the refrigerants are supplied from a respective single source by the 

^ common compression strings (CCI and CC2,). 
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PROCESSES AND SYSTEMS FOR LIQUEFYING NATURAL GAS 


FIELD OF THE INVENTION 

[0001] The present invention relates to processes and systems for liquefying 
natural gas. In one aspect the Invention relates to such processes and systenfis 
wherein common compression string(s) are used to compress and recycle the 
refrigerants used in a plurality of individual trains which, in turn, are used for 
liquefying natural gas. 

BACKGROUND OF THE INVENTION 

[0002] Various temris are defined in the following specification. For convenience, a 
Glossary of temris is provided herein, immediately preceding the claims. 
[0003] Large volumes of natural gas (i.e. primarily methane) are located in 
remote areas of the worid. This gas has significant value if it can be economically 
transported to mari<et. Where the gas resen^es are located in reasonable proximity 
to a mari<et and the terrain between the two locations pemiits, the gas is typically 
produced and then transported to market through submerged and/or land-based 
pipelines. However, when gas is produced in locations where laying a pipeline is 
infeasible or economically prohibitive, other techniques must be used for getting 
this gas to market. 

[0004] A commonly used technique for non-pipeline transport of gas involves 
liquefying the gas at or near the production site and then transporting the liquefied 
natural gas to market in specially-designed storage tanks aboard transport vessels. 
The natural gas is cooled and condensed to a liquid state to produce liquefied 
natural gas at substantially atmospheric pressure and at temperatures of about 
-162X (-260T) ("LNG"), thereby significantly increasing the amount of gas which 
can be stored in a particular storage tank. Once an LNG transport vessel reaches 
its destination, the LNG is typically off-loaded into other storage tanks from which 
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the LNG can then be revaporized as needed and transported as a gas to end users 
through pipelines or the like. 

[0005] As will be understood by those skilled in the art. plants used to liquefy 
natural gas are typically built in stages as the supply of feed gas. i.e. natural gas 
and the quantity of gas contracted for sale, increase. Each stage normally consists 
of a separate, stand-alone unit, commonly called a train, which, in turn, is 
comprised of all of the individual components necessary to liquefy a stream of feed 
gas Into LNG and send it on to storage. As used hereinafter, the temi "stand-alone 
train" means a unit comprised of all of the individual components necessary to 
liquefy a stream of feed gas into LNG and send it on to storage. As the supply of 
feed gas to the plant exceeds the capacity of one stand-alone train, additional 
stand-alone trains are Installed in the plant, as needed, to handle Increasing LNG 
production. 

[0006] In typical LNG plants, each stand-alone train includes at least a cryogenic 
heat exchange system for cooling the gas to a cryogenic temperature, a separator 
(i.e. a -flash tank"), a "reject gas" heat exchanger, and a fuel gas compressor. As 
used herein, a "cryogenic temperature" includes any temperature of about -40''C 
HOT) and lower. LNG is typically stored at substantially atmospheric pressure 
and at temperatures of about -162'C (-260-F). To reduce the pressure of feed gas 
during liquefaction, it is typically passed from the cryogenic heat exchange system 
across an expansion valve or hydraulic turt)ine in a stand-alone train (I.e. "flashed") 
before it is passed into the separator (i.e. the flash tank). As the pressure of the 
cooled feed gas is reduced to produce LNG. some of the gas flashes and becomes 
vapor. LNG is removed from the flash tank and is pumped from its respective 
stand-alone train on to a storage tank for further handling. 
[0007] In somewhat greater detail, each stand-alone train is comprised of a 
cryogenic heat exchange system which, in turn, utilizes two or more refrigerant 
circuits, acting in series, to cool the feed gas down to the cryogenic temperature 
needed for liquefaction. Typically, the first circuit canies a first refrigerant (e.g. 
propane) which Is compressed by a first compression string in the stand-alone train 
and is circulated through a series of primary heat exchangers to heat exchange 
with and initially cool the feed gas. Typically, the second refrigerant circuit carries a 
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second refrigerant, e.g., a mixed refrigerant "MR" (e.g. nitrogen, methane, ethane, 
and propane) which is compressed by a second compression string in the 
stand-alone train and is circulated first through a series of propane heat 
exchangers and then through a main cryogenic heat exchanger to thereby 
complete the cooling of the feed gas to produce the LNG. In some cases, the 
cryogenic heat exchange system utilizes a cascade refrigeration system, a dual 
mixed refrigerant system, or some other refrigeration system, as will be familiar to 
those skilled in the art. 

[0008] In some cases, the economics of an LNG plant may be improved by 
driving the compressors in both the first and second compression strings through 
one or more common shafts. However, this does not overcome all of the 
disadvantages associated with each stand-alone train in an LNG plant requiring its 
own dedicated, compression strings. For example, a complete stand-alone train, 
including two or more compression strings, must be installed in a plant each time it 
becomes desirable to expand the LNG plant production capacity, which can add 
significantly to the capital and operating costs of the plant. Further, if any 
refrigerant compressor, or its driver (e.g., a gas turiDine) fails, in a particular 
stand-alone train, the affected stand-alone train must be shut down until the failed 
compressor and/or driver can be repaired. LNG production at the plant is 
significantly reduced during the down time. Still further, anytime a stand-alone train 
is shut down due to failure of a compression string, the temperature In the main 
cryogenic heat exchanger of that stand-alone train will rise substantially thereby 
requiring "recooling" of the main heat exchanger to the cryogenic temperature 
before the train can be put back into production. 

[0009] It is desirable to improve processes and systems for liquefying natural gas 
to lower the costs of LNG production as much as possible so that LNG can 
continue to be delivered to market at a competitive price. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides natural gas liquefaction systems and 
processes wherein a first refrigerant and a second refrigerant are treated as a 
utility, and are supplied fl^om a common source to a plurality of dependent trains in 
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an LNG plant. This allows the dedicated, compression strings, which are nomially 
found In each stand-alone train of a multi-train LNG plant, to be replaced by 
common compression strings which, in turn, supply the refrigerants to more than 
one dependent train in the plant As used hereinafter, the term "dependent train" 
includes any unit In an LNG plant that lacks its own. dedicated compression string 
[0011] More specifically, the present invention relates to an LNG system that is 
comprised of two or more dependent trains, each of which converts a feed gas into 
LNG. Each dependent train includes at least a first refrigerant circuit and a second 
refngerant circuit, in series, which cool the feed gas to the cryogenic temperature 
needed for LNG. The first refrigerant (e.g. propane) flows through a series of 
primary heat exchangers in the first refrigerant circuit to initially cool the feed gas 
A second refrigerant (e.g. mixed refrigerant comprised of nitrogen, methane 
ethane, and propane) flows through a cryogenic heat exchange system, comprised 
of one or more individual heat exchangers, in the second refngerant circuit to 
further cool the gas and convert it into LNG. This Invention is applicable to other 
types of cryogenic heat exchange systems. Including without limitation those with 
cascade refrigeration systems that use two or more refrigeration systems, those 
witii a dual mixed refrigerant system, or ttiose wItt, some ottier refrigeration system 
as Will be familiar to those skilled in the art. For example, without limiting the scope 
of this Invention, this invention Is applicable to cascade refrigeration systems with 
ttiree refrigeration loops In which tfie refrigeration from one stage is used to 
condense tfie compressed refrigerant In the next stage. 
[0012] In dependent trains of the present Invention, dedicated compression 
strings for circulating desired refrigerants through tfieir respective circuits are not 
required. Instead, a set of common compression strings are provided in the 
present system to supply refrigerants from a common source to more ttian one of 
the dependent ti-ains in the LNG plant 

[0013] If more than one set of common compression stiings are required due to 
the increasing size of an LNG plant (i.e. number of dependent trains to be 
serviced), a plurality of first compression strings are provided and manifolded 
togetiier so that compressed first refrigerant from the firet compression sfrlngs can 
be directed to various dependent trains as needed. Likewise, a plurality of second 
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compression strings can be manifolded together whereby the second refrigerant 
from the second compression strings can be directed to various dependent trains 
as needed. 

[0014] It will be recognized that by treating all of the refrigerants in an LNG plant 
as a utility (i.e. a single first refrigerant supply, a single second refrigerant supply, 
etc.) and by using independent, common compression strings to supply the 
refrigerants to the respective refrigerant circuits in a plurality of dependent trains, a 
significant number of benefits will be realized. 

DESCRIPTION OF THE DRAWINGS 

[001 5] The advantages of the present invention will be better understood by 
refemng to the following detailed description and the attached drawings in which: 
[0016] FIG. 1 (PRIOR ART) is a simplified flow diagram of a typical system for 
liquefying natural gas; and 

[0017] FIG. 2 is a simplified flow diagram of a system for liquefying natural gas In 
accordance with the present invention. 

[0018] While the invention will be described in connection with Its prefen^d 
embodiments, It will be understood that the invention is not limited thereto. On the 
contrary, the invention Is intended to coverall alternatives, modifications, and 
equivalents which may be Included within the spirit and scope of the present 
disclosure, as defined by the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 
[0019] Refen-ing more particulariy to the drawings, FIG. 1 (Prior Art) 
schematically illustrates a system and process for liquefying natural gas in a typical 
LNG plant 10. As shown, plant io is comprised of a plurality of stand-alone trains 
A and B (only two shown) which are basically identical and independent of each 
other. As will be understood In the art, a typical LNG plant 10 is built in stages (i.e. 
trains) so that a second train B is installed when feed gas production capacity 
exceeds that required for the existing train(s), sufficient new LNG sales contracts 
have been procured to justify construction of an additional train, and so forth, as 
will be familiar to those skilled in the art. 
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[0020] Basically, feed gas enters a respective stand-alone train through an inlet 
line 1 1 and flows through one or more primary heat exchangers in a first refrigerant 
circurt R1 where the feed gas is initially cooled by heat exchange with a first 
refrigerant, e.g.. propane. The first refligerant is circulated through the first 
refrigerant circuit R1 by a first dedicated compression string C1. which includes 
compressor(s) 37 driven by gas turt^ines or the like (not shown). The cooled feed 
gas then passes through a cryogenic heat exchange system, comprised of one or 
more individual heat exchangers. In second refrigerant circuit R2 where it is cooled 
to a cryogenic temperature of LNG, typically about -162-0 (-260°F) by heat ^ 
exchange with a second refrigerant, e.g.. a mixed reftigerant "MR" (e.g. nitrogen 
methane, ethane, and propane). The second refrigerant is circulated through the 
second refrigerant circuit by a second dedicated compression string C2 which ( 
includes compressor(s) 23 driven by gas turt,ines or the like (not shown^. Once the 
pressure of the thus cooled feed gas is reduced to about atmospheric pressure 
e.g.. by being passed through an expansion valve or hydraulic turbine (not shown) 
and a flash tank (not shown) to separate LNG from unliquefied gas. produced LNG 
exrts stand-alone trains A and B through outiet 45. Since t^^^^^^ 
a typical stand-alone train A or B in an LNG plant 10 are well known to those skilled p 
m the art, a detailed description is not provided. 

[0021] Referring now to FIG. 2. the natural gas liquefying system and process of 
the present invention is schematically illustrated. Basically, the system illustrated is , 
composed of a plurality of separate dependent trains (only two shown. AA and BB) ' 
located in LNG plant 110. Trains AA and BB differ from typical LNG trains A and B 

ofFIG. 1 that each oftralnsAA and BB do not include compression components 
rather each consists essentially of a first refrigerant circuit RR1 and a second 
refrigerant circuit RR2 which, in tum. consist essentially of heat exchange 
components for reducing the temperature of a feed gas to about -162»C (-260'F) 
which heat exchange components are well known to those skilled In the art. A " 
dependent train may comprise two or more refrigerant circuits. 
[0022] In the present invention, feed gas (l.e. natural gas) enters a respective 
train through inlet line 1 11 and flows through a series of primary heat exchangers 
(not shown in FIG. 2) in first refrigerant circuit RR1 . Any suitable primary heat 
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exchanger arrangement may be utilized in first refrigerant circuit RR1, as will be 
familiar to those skilled in the art. In this embodiment, a first refrigerant is 
circulated through these primary heat exchangers to initially cool the feed gas in 
the same manner as described above. For example, without limiting this invention, 
propane may be used as the first refrigerant The cooled feed gas continues on 
through the second refrigerant circuit RR2 where it passes through a cryogenic 
heat exchange system, comprised of one or more individual heat exchangers. Any 
suitable primary heat exchanger arrangement may be utilized in second refrigerant 
circuit RR2, as will be familiar to those skilled in the art The feed gas is cooled in 
the cryogenic heat exchange system, comprised of one or more individual heat 
exchangers, by a second refrigerant to cool the feed gas to a cryogenic 
temperature of about -162"'C (-260^). For example, without limiting this Invention, 
mixed refrigerant "MR" (e.g. nitrogen, methane, ethane, and propane), may be 
used as the second refrigerant. Once the pressure of the thus cooled feed gas is 
reduced to about atmospheric pressure, e.g.. by being passed through an 
expansion valve or hydraulic turtjine (not shown), produced LNG exits dependent 
trains AA and BB through outlet(s) 145. 

[0023] In this embodiment, the first compression string CC1 is located at a 
common point within plant 1 iO where It can compress and circulate the first 
refrigerant, e.g. propane, through the respective first refrigerant circuits RR1 of a 
plurality of trains such as AA and BB In FIG. 2. First compression string CC1 
Includes compressor(s) 37 driven by suitable drivers 38. such as gas and/or steam 
turbines, and/or electric motors, and/or the like, as will be familiar to those skilled in 
the art. Likewise, the second compression string CC2 is located at a common 
point within plant 110 where it can compress and circulate the second refrigerant, 
e.g. MR, through the respective second refrigerant circuits RR2 of a plurality of 
trains such as AA and BB. Second compression string CC2 includes 
compressor(s) 23 driven by suitable drivers 38, such as gas and/or steam turtjines. 
and/or electric motors, and/or the like, as will be familiar to those skilled in the art. 
In certain embodiments of this invention, one or more of the trains may include one 
or more dedicated compression strings as needed. It is not required that every 
train in the system be sensed by common compression strings; i.e., a plant 110 
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may also include some independent trains. 

P)024, Firs, oonnpnession string CC1 may be comprised o,a single comp^ssor or 

.^^ybeoomprised Of oneormo. Single or muni-stage compresL,asX 
^.Lartot^ose s«ed inthe art. LiKewise, second compassion stnng cca Z 

or mun-stage comp^ssors. A set oompnsed of a fi.t compressor and a seoo^ 
composer maybe dr.enbyacommons.a« or may Pedr^n by JdXl 

i::„reaT'"*"^'^^'^=^^^™^''''-'=^"--^---- 

P025] A Single set of first and second comp^ssors may be adequate to circulate 
«.erespec,„ere«gerants.h.ugh.Her,fHgerantci™,feo,a.ofI 
™-e that one set of common comp^rs a« needed, , can be seen In F,G 2 
^^^'^'^'^cii^cor^^^OCI (fours^ov^jareconnected ' 

gefter by a manifold system so that fl^ .,rtge.„, can be directed from any 
a !f ,r T ^""^ tb^^h the m refnge.^ circu« of any or 

alloftheplu,a,rtyof,ralns(e.g.eitherorbott,t,.insAAandBBi„FIG 2)by 
selecth,e manlpulation of the appropriate V.IV.S (n^ shown, in the supply L 
return lines 50, 51 . ^ 

[00261 Thesameistnieofapluralityofsecondcompressionst,ingsCC2«hioh 
a.ec»nnected together bya second mangold system which allows anyof 
-con^ jnpr^n strings to circulate a second .frigerant through one ormore 
of^ese^ndrefngerantcrcunsinanyofthetrainsinplantno. AsseenlnFie ' 
^ *e ompu, f^om the respecSve comp^sso. strings flow through the supp^ lines 

1 " compressrsl's 

through the return lines (e.g., dotted lines 51). ' 

[0027] By treating the refrigerants in the plant 1 10 as a ufflity (i.e. a singte first 
remgeran. supp, and a single second refrtge^n. supp^ , a Jby us.„g 
^dependent common compression strings to supp^««se respective ^ttgerants 
to t^e refngerantcircute in a p,ura,«y of trains, a s^nffioan, numberof benl 7 
some of Which are as fCows: ,1) s,nl,ican«y .ss equipment T 
there y reducing the capital costs of the LNG plant (2, A singte spara 
conipressron stnng can be installed to back up any of the other common 


wo 03/064947 


9 


PCT/US03/02497 


compression strings being used to supply refrigerant to the different trains in the 
LNG plant; (3) If one compression string fails while circulating a refrigerant to a 
particular train, the affected train can be immediately switched to a back-up 
compression string without substantially halting LNG production through that train; 
and (4) By switching to a back-up second compression string, the cryogenic heat 
exchange system, comprised of one or more individual heat exchangers, can be 
kept cold during repair of the compressor(s) which had been supplying MR to the 
heat exchange system in the affected train. 

[0028] While the present invention has been described in temris of one or more 
preferred embodiments, it is to be understood that other modifications may be 
made without departing from the scope of the invention, which is set forth In the 
claims below. For example, refrigerants other than the ones specified herein may 
be utilized, etc. 
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GLOSSARY OF TERMS 

[0029] cryogenic temperature: any temperature of about -40°C (-40T) and 
lower; 

[0030] dependent train: any unit in an LNG plant that lacks its own. dedicated 
compression string; 

[0031] flash tank: a gas/liquid separator; 

[0032] LNG: liquefied natural gas at substantially atmospheric pressure and at 
temperatures of about -162''C (-aSCF); 

[0033] stand-alone train: a unit in an LNG plant comprised of all of the individual 
components necessary to liquefy a stream of feed gas into LNG and send It on to 

Storage. 
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We Claim: 

1. A natural gas liquefaction system comprising: 

(A) two or more dependent trains, each of said dependent trains comprising: 

(i) an inlet for a feed gas; 

(ii) a first refrigerant circuit for initially cooling said feed gas; and 

(iii) a second refrigerant circuit for cooling said initially-cooled feed gas to a 
cryogenic temperature; 

(B) at least one common first compression string for circulating a first 
refrigerant through said first refrigerant circuit of each of said dependent trains; 

(C) at least one common second compression string for circulating a second 
refrigerant through said second refrigerant circuit of each of said dependent trains; 
and 

(D) means for reducing the pressure of said cryogenic temperature feed gas 
to substantially atmospheric pressure to produce liquefied natural gas. 

2. The natural gas liquefaction system of claim 1 wherein said first refrigerant 
is propane or a mixed refrigerant comprising at least one refrigerant selected from 
the group consisting of (i) nitrogen, (Ii) methane, (iii) ethane, and (iv) propane, and 
said second refrigerant is a mixed refrigerant comprising at least one refrigerant 
selected from the group consisting of (i) nifrogen, (ii) methane, (iii) ethane, (iv) 
ethylene, and (v) propane. 

3. The natural gas liquefaction system of claim 1 wherein said first refrigerant 
is propane or a mixed refrigerant comprising at least one refrigerant selected from 
the group consisting of (i) nitrogen, (ii) methane, (iii) ethane, and (iv) propane, and 
said second refrigerant is an essentially pure 

component refrigerant selected from the group consisting of (i) nitrogen, (ii) 
methane, (iii) ethane, (iv) ethylene, and (v) propane. 
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4. The natural gas liquefaction system of claim 1 wherein said at least one 
common first compression string comprises two or more individual compression 
strings and a manifold system for connecting each of said individual compression 
strings whereby each of said individual compression strings is adapted to circulate 
said first refrigerant to any of said first refrigerant circuits in said dependent trains. 

5. The natural gas liquefaction system of claim 1 wherein said at least one 
common second compression string comprises two or more individual compression 
strings and a manifold system for connecting each of said individual compression 
strings whereby each of said individual compression strings is adapted to circulate 
said second refrigerant to any of said second refrigerant drcuits in said dependent 
trains. 

6. The natural gas liquefaction system of claim 1 wherein said first 
compression string comprises at least one first compressor, said second 
compression string comprises at least one second compressor, and said at least 
one first compressor and said at least one second compressor are driven by. a 
common shaft. 

7. A process for liquefying natural gas. said process comprising flowing said 
feed gas through at least one of said dependent trains to Initially cool said feed gas 
by heat exchanging said feed gas with a first refrigerant and to further cool said 
feed gas to a cryogenic temperature by heat exchanging said initially-cooled feed 
gas with a second refrigerant, including supplying said first refrigerant to said 
dependent trains from a common first compression string and supplying said 
second refrigerant to said dependent trains from a 

common second compression string. 

8. The process of claim 7 wherein said first refrigerant is propane or a mixed 
refrigerant comprising at least one refrigerant selected from the group consisting of 
(i) nitrogen, (ii) methane, (ill) ethane, and (iv) propane, and said second refrigerant 
is a mixed refrigerant comprising at least one refrigerant selected from the group 
consisting of (i) nitrogen, (ii) methane, (iii) ethane, (iv) ethylene, and (v) propane. 
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9. The process of claim 7 wherein said first refrigerant is propane or a mixed 
refrigerant comprising at least one refrigerant selected from the group consisting of 
(i) nitrogen, (ii) methane, (iii) ethane, and (iv) propane, and said second refrigerant 
is an essentially pure component refrigerant selected from the group consisting of 
(1) nitrogen, (ii) methane, (iii) ethane, (iv) ethylene, and (v) propane. 

10. The process of claim 7 wherein said first common compression string 
comprises at least one first compressor and wherein said second common 
compression string comprises at least one second compressor and wherein said 
process includes: 

driving said at least one first compressor and said at least one second 
compressor through a common shaft. 

11. The process of claim 7 wherein said first refrigerant is supplied to said 
dependent trains by a plurality of said common first compression strings which are 
fluidly connected whereby any of said pluralrty of common first compression strings 
can supply said first refrigerant to any of said dependent trains. 

12. The process of claim 7 wherein said second refrigerant is supplied to 
said dependent trains by a plurality of said common second compression strings 
which are fluidly connected whereby any of said plurality of common second 
compression strings can supply said second refrigerant to any of said dependent 
trains. 
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